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ABSTRACT

EVALUATION OF FLAME WEEDING IN SOUTHEASTERN SOUTH DAKOTA
BENJAMIN WILLIAM ARLT
2016
Weed management is the main yield-limiting factor in production of organic
crops. Currently, organic producers have limited resources available for in-row weed
management. Flame weeding has been recognized for its potential as one part of an
integrated approach at weed management in organic systems. Flame weeding uses
propane fueled torches to heat plant tissue and denature proteins, thus injuring or
destroying the affected tissue. When properly timed, flame weeding can effectively be
used for weed control in corn and soybean fields. Corn and soybean have both shown
tolerances to flame weeding and minimal yield loss with well-managed and timed flame
treatments. Research was completed over the 2013 and 2014 growing seasons to evaluate
whether flame weeding is economical on a field scale. Research was done using large
replicated blocks across three locations with at least three replications at each location.
The objectives of this study were to observe and evaluate flame weeding in corn and
soybeans in a production environment.
In both seasons of this study (2013 and 2014), flaming treatments tested showed
no significant negative effect on yield across all locations in corn and soybean plots. In
terms of weed biomass in corn, of four site years tested, one site showed a significant
reduction in weed biomass (p<0.01); and two sites showed a trend (p<0.10) for decreased
weed biomass with flaming. Similarly, a weed index calculated from visual ratings and
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weed biomass samples showed decreased weed severity (p<0.15) at three out of four
sites. Banded flaming at site 3 saved an estimated $40.83 per acre in manual labor
compared to the non-flamed check and from $19 to $58 per acre savings in manual labor
at the Southeast Research Farm. At the Southeast Research Farm in 2014, all flame
weeding treatments provided significant differences in weed biomass compared to the
non-flamed check with corn (p<0.001). The greatest economic return at the Southeast
Research Farm was the banded flaming treatment at $58.11 per acre savings in manual
labor. The other two sites tested had relatively low weed pressure and did not show an
economic response to flaming. Of two sites tested with soybean, one site had no
economic benefit from flame weeding. The other site had an estimated savings of $37.24
per acre savings in manual labor when soybeans were flamed using the banded technique
based on a weed index calculated from visual observations and weed biomass samples.
Flaming was shown to provide an economic return when weed pressure was
moderate and the species were susceptible. When used as part of an integrated weed
management approach, flaming can help decrease the manual labor cost for weed control
in organic systems.
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Literature Review
In the United States, the area under certified organic cropland grew to over one
million hectares in 2008, making organic production one of the fastest growing sectors of
agriculture for over a decade (USDA, 2009). Organic acres stabilized after 2011 due to
high conventional commodity prices. Although the organic sector remains a small part of
the total economy, this growth and continued strong market demand suggest organic
agriculture will play an increasingly important role in the future. Organic producers cite
weed management as their most limiting factor to higher yields (Wszelaki et al., 2007).
This problem, along with low efficiency of current weed control has led to renewed
interest in flame weeding. Knezevic and Ulloa (2007) stated that propane flaming could
be one alternative option in the toolbox of an integrated weed management system
because of its success in killing weeds. Other field operations in the toolbox of weed
control for organic producers include tillage operations like the rotary hoe and tine
harrow cultivator, manual labor, and well-designed crop rotations. Prices in 2012 saw
organic soybeans jump from $17 per bushel to $30 and field corn went up to $24 per
bushel. In early 2016, prices for organic soybeans and organic field corn averaged
$22.13 and $10.38, respectively (Organic Trader, February 2016).
Weeds are a limiting factor in maximization of yields in grain crop production
systems. The problem of controlling weeds without synthetic herbicides under the rules
of organic agriculture is one of the biggest challenges that organic producers face
(Kruidhof et al., 2008). Organic producers can use cultivation techniques for their weed
control as well as manual labor as a final management operation where labor is available.
There are two tillage operations that target in-row weed populations, the rotary hoe and
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the tine harrow. These only work on small weeds and disturb the soil, potentially
bringing new weed seeds to the soil surface.
The rotary hoe is an implement that can be used for two purposes (Grubinger,
2001). One use is for breaking up a soil crust. The soil can form a crust when clay
particles are dispersed from the soil solution and come to rest on the top of the soil
surface. The soil crust can form a physically restrictive layer that prevents crop
emergence. The second use for the rotary hoe is weed control. The rotary hoe is best
used for control of small weeds. The rotary hoe should be run at high speeds for the best
control. The rotary hoe is classified as a blind tillage implement. Blind tillage means
that there is complete disturbance of the soil, which can damage the plants growing in the
row, resulting in loss of crop stand or yield reduction if not properly managed.
Place (2008) demonstrated that multiple rotary hoe cultivations during a growing
season decreased soybean plant populations, decreased soybean canopy height, lowered
soybean pod position, and decreased soybean yield. Because of this, they recommend
limiting rotary hoeing in soybean fields. Nevertheless, this tool is frequently used by
organic farmers. Organic farmers perceive that the benefit from improved weed control
compensates for injury to the crop.
Another tillage implement that is used in organic row crop systems is the tine
harrow. Similar to the rotary hoe, the tine harrow is a blind tillage implement, disrupting
the entire soil surface area. The tine harrow is most successful when used while weed
species are small.

Contrary to the rotary hoe, the tine harrow does not require high

speeds for successful weed control. Wicks and Anderson (1969) showed that the tine
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harrow controlled grass species better than the rotary hoe, while the rotary hoe was more
effective at killing broadleaf weed species. Organic systems utilizing cultivation for
weed management often require multiple passes over the field for control; while these
methods are used successfully, repeated cultivation can accelerate loss of soil organic
matter, destroys soil aggregates, increases the chance for soil erosion and promotes
emergence of new weed flushes (Wszelaki et al., 2007).
Flame weeding has received renewed interest for its potential as a means of weed
control in organic cropping systems (Bond and Grundy, 2001). Past research by Ascard
(1995 a,b) and Wszelaki et al. (2007) has shown that flaming can be used with success in
organic vegetable operations. For this paper, however, we will examine flame weeding
and its potential use in organic row crop production, specifically corn and soybeans. Most
flame weeders are built with a simple design. There are two types of flame weeders
available for field-scale use. One is a broadcast type, which sends heat across the entire
row spacing. This may be advantageous to use because it is non-selective and could
minimize the number of trips across the field through less cultivation. The other type, an
intra-row flamer, can be used for direct placement of heat within the row itself. This
would allow for less propane to be used across the field and would allow for a cultivation
to occur for inter-row weed control. However, as previously mentioned, excessive
cultivation can have negative effects on the soil and can allow for further germination of
weed seeds that were brought to the soil surface. Both types can be built simply using
metal tubing, purchasing burners fairly cheap and using a propane tank. Regulators and
pressure gauges allow for proper application rates (Knezevic et al,. 2007).
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The idea behind using a flame weeder is not to burn the plant tissue, but to heat
plant tissues sufficiently to permanently disrupt cell metabolism (Leroux et al., 2001).
Lague et al. (2000) described the process of heating and the transferring of heat to plant
tissues, increasing the thermal energy of the plant tissue. Heating the tissues to these
extremes results in the loss of cell function once the proteins within the cell are fully
denatured (Pelletier et al., 1995). As a result of the cell membrane disruption, the plants
either die or lose their competitive ability (Rifai et al, 1996). The effectiveness of flame
weeding relies on several factors, including the temperature of application, exposure time
of the plant to the heat and the energy input (Ascard 1995b). Proper calibration is
important so the correct amount of heat is applied to control weeds while minimizing
crop damage. Pressure and implement speed are changed to set the application rate in the
field.
Research results have shown that broadleaf weeds are more susceptible to
flaming than grass species (Ascard, 1995a,b, Cisneros and Zandstra, 2008). Plants that
compete readily with field crops in the Upper Midwest include both grass and broadleaf
species; grass species such as barnyardgrass (Echinochloa crusgalli) and foxtail (Setaria
sp.) needed a higher application rate than velvetleaf (Abutilon theophrasti) and redroot
pigweed (Amaranthus retroflexus) to obtain 90% control (Knezevic and Ulloa, 2007).
Research has been done that demonstrates an application rate of 10.5 to 12.5 gallons per
acre provided 90% control of broadleaf weeds such as redroot pigweed, velvetleaf,
common waterhemp (Amaranthus tuberculatus) and kochia (Kocha scoparia L.) when
flamed under the 5 leaf stage (Knezevic and Ulloa, 2007). Research has also been done
that shows the same application rate provides 80% control of grass species such as
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barnyardgrass as well as green foxtail (Setaria viridis) and yellow foxtail (Setaria
glauca). (Ulloa et al. 2010 b,c).
The susceptibility of a given plant to flaming has much to do with the location of
the growing point of the plant respective to an application of the flame treatment.
Broadleaf weeds are more susceptible to flaming because the position of the growing
point during application is above the soil, while the location of the growing point for
grass species is below the soil during seedling growth, buffering the plants from heat.
The plants most susceptible to flame treatments were those that were upright, with the
growing point located in the shoot apex (Ascard 1995b, Knezevic and Ulloa, 2007).
Cisneros and Zandstra (2008) showed positive results for all broadleaf weeds tested at
two different growth stages, the 0-2 leaf and 2-4 leaf stages. Flame weeding resulted in a
higher density of grass species after treatment than before the flame treatment. The heat
treatment from the flamer may break seed dormancy near the surface and allow for more
seeds to germinate. Observations have been made that large weeds are more difficult to
kill because of a more developed root system, more leaf tissue inhibited heat penetration
and the probability that new growth would emerge from axillary buds (Ascard, 1995b,
Cisneros and Zandstra, 2008, Knezevic and Ulloa, 2007). Other technologies that have
higher success at killing grass weed species such as the tine harrow may be utilized in
conjunction with flame weeding to achieve a clean field during the growing season for
corn and soybean.
Organic corn (Zea mays L.) area and sales have continually risen, grossing over
$101 million in 2011. Its primary use is for livestock feed. The organic livestock
industry, particularly the dairy industry has done exceptionally well, grossing $765
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million in sales in 2011 (AgMRC, 2012). Therefore, the importance of high yielding
crops to feed the livestock industry is clear. Research completed at the University of
Nebraska-Lincoln supports the use of flame weeding in organic crops such as field corn,
popcorn as well as sorghum (Ulloa et al, 2010a, 2011a, b). These studies showed that
these crops were less susceptible to injury than the weeds due to their larger size. Field
corn and sorghum were more tolerant to flaming than sunflower and soybean (Knezevic
and Ulloa, 2007). The growth point of corn and sorghum is protected compared to the
growth point of soybean. The growing point of soybean remains unprotected once the
cotyledon is exposed.
The tolerance of field corn to flaming is influenced by growth stage and propane
dose (Knezevic and Ulloa, 2007, Ulloa et al., 2011a). During their initial research,
Knezevic and Ulloa (2007) were unable to kill maize at any propane dose. Dosage rates
tested were 0, 3, 5, 9 and 18 gallons per acre. After Knezevic and Ulloa (2007) showed
that maize held the greatest promise for flame tolerance, Ulloa conducted further research
on the tolerance levels of maize. During Ulloa’s (2011a) research, the corn had visual
injury symptoms that included whitening of the leaves that turned into brown tissue with
time. Plant growth was stunted when the highest propane dose of 18 gallons per acre was
used. The study was conducted using a split plot design, testing both growth stages and
propane doses. Corn at the growth stage of V5 was shown to be most tolerant to
broadcast flaming. Although the V5 plants showed great damage one day after treatment,
they were able to recover and have greater yield than corn treated at the V2 and V7
stages.
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Ulloa et al. (2011a) concluded that dry matter, yield components and grain yield
decreased further with an increasing propane dose. His results showed that V5 corn was
the least susceptible to flaming, needing 2 gallons of propane per acre more than V2 or
V7 corn to show a significant difference in dry matter production. Corn at the V2 growth
stage was most susceptible to loss of dry matter; when flamed at 18 gallons per acre, V2
corn showed a 75% reduction in dry matter fourteen days after flame treatment. Ulloa et
al. (2011a) showed that yield was lowered when the maize was broadcast flamed. When
the highest application rate was applied, 18 gallons per acre, yield losses were 3%, 11%
and 17% for V5, V7 and V2. From the work in Nebraska of the three growth stages
tested, corn showed the least yield loss at V5. Yield components such as plant density
and kernels per cob (cob density) were affected by the flaming application. Plant density
decreased. The control had 0.53 plants per square foot compared to 0.48 at V2 and 0.45
at V7 when 18 gallons per acre was applied. The control had 700 kernels per cob while
the experimental plots had significantly lower densities of 639, 656 and 658 kernels for
V2, V5 and V7. Producers in South Dakota and Minnesota report they routinely flame at
VE and have no crop injury. This is logical, considering the position of the growing
point and the lack of leaf tissue open to heat exposure.
It is generally accepted that smaller plants required less propane to be applied for
the same amount of control, but overall, most plants showed adequate control with 12.5
gallons per acre application rate (Cisneros and Zandstra, 2008, Ulloa et al., 2010 b, c).
Five-leaf corn can withstand the highest propane rate, 18 gallons per acre, and maintain
an adequate yield. V2 and V7 corn showed greater dry matter loss than V5 using an
application rate of 18 gallons per acre.
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Similar results were published regarding popcorn and grain sorghum. Sorghum is
another feed ingredient for livestock rations, grown more in southern regions of the
United States. During these experiments, yield, yield components and dry matter
reduction were seen with increased propane doses. Popcorn and sorghum had similar
yield results as field corn, with V5 showing the greatest tolerance and having a yield
reduction of 9%, V7 followed with a yield reduction of 16% and V3 had a yield reduction
of 45% when 18 gallons per acre was applied (Ulloa et al., 2010a). Ulloa et al. (2011b)
demonstrated that sorghum yields were 150 bushels per acre, 153 bushels per acre and
150 bushels per acre for V3, V5 and V7 when 18 gallons per acre of propane was applied
to sorghum. Yield losses were 11%, 6% and 9% for V3, V5 and V7 growth stages.
Compared to corn’s high tolerance to flaming, soybean is less tolerant to
broadcast flaming because after emergence the growing point is above the soil surface.
In their initial research, Knezevic and Ulloa (2007) showed that soybean is more
susceptible to injury from flaming than is corn. When an application rate of 14 gallons
per acre was applied to soybean at VC and VE, no soybean plants survived. However,
results from that study gave hope that soybean may hold potential for broadcast flaming
while at an early stage (VC) because it recovered when the dose was decreased to 12
gallons per acre. In an earlier study conducted by Knake et al. (1965), it was shown that
soybeans recovered better with less damage to yield when flamed at a two inches in
height compared to four inches in height. When flamed at two inches, soybean yields
were reduced by almost six bushels per acre in comparison to the non-flamed check.
When flaming was done at four inches, the yield was reduced by 45% compared to the
non-flamed check.
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Ulloa et al. (2010d) conducted research that backed up these earlier claims. Their
research consisted of flaming soybeans at different growth stages to test tolerances.
Results from that research concluded that soybean plants were most susceptible at the
unifoliate (VU) stage of growth. Soybean plants at the cotyledon (VC) stage of growth
were most tolerant, followed by soybean plants that had five trifoliate leaves (V5). When
flamed at 12.5 gallons per acre; soybean at VC showed a yield reduction of 6%, soybean
at VU showed a yield reduction of 37%, soybean at V2 showed a yield reduction of 30%
and soybean at V5 showed a yield reduction of 10%. Observations from this research
indicated that the cotyledons protected the growing point of the soybean from the heat.
When flamed at VU, the growing point was fully exposed and some plants were
incapable of further growth due to the amount of damage from the heat. Ulloa et al.
(2010d) showed in that same study that yield components were affected due to flaming
treatment. When compared to the check, the number of plants per square meter was the
most affected. When flamed at 18 gallons per acre, VC had 0.8 less plants per square
foot, VU had 1.5 less plants per square foot, V2 had 1 less plants per square foot and V5
had 0.5 less plants per square foot.

In this case, after the plots were flame treated the

number of branches per plant increased and the number of pods per plant increased as
well. This may be one reason why the VC growth stage was able to have the highest
yield with the highest propane application rate.
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In conclusion, the organic livestock industry has done exceptionally well in the
most recent decade and has increased demand for organic feed grains. Organic corn, like
its conventional counterpart is used mostly as feed for livestock. Soybeans are important
for crop rotations in organic systems because they capture and fix atmospheric nitrogen
and are an important source of protein in many feed rations. Until most recently, flame
weeding has been used minimally in both cropping systems. Research was done by
Thone (1943) and Knake et al. (1965) that showed flame weeding can be useful for
controlling weeds and that it had some potential for use in both corn and soybeans.
Currently, organic producers are using cultivation methods such as the rotary hoe and tine
harrow for in-row weed control. These methods both work but because they disturb the
soil, their use should be minimized because of the negative effects of tillage on soil
quality such as the loss of soil organic matter and increased soil erosion (Wszelaki et al.,
2007). When compared to flame weeding, these blind tillage implements are only
effective on very small weeds. It stands to reason that flame weeding can lend flexibility
in helping to control weed escapes when used in conjunction with the other tools.
Combining flame weeding with cultivation methods to ensure a clean field could
be an integrated approach for obtaining maximum yields in organic crops. These
methods would complement each other well since flaming can work well on larger,
broadleaf weeds and has some control on grass species while cultivation methods work
well on smaller weeds. If there are rainfall events that delay tillage timing, flame
weeding can be implemented when the soil dries out to help clean up the larger weeds.
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Soybeans are more susceptible to flame treatments because of the location of the
growing point. Flame weeding at VC shows the greatest promise. Weed control in
soybean fields is more difficult due to the physiology of plant emergence relative to blind
tillage implements and the sensitivity of the plant to heat from flame application. In
addition, row cultivation for soybeans must move less soil to within the row compared to
corn plants in order to maintain yield. For these reasons, further experimentation in
soybean should be conducted to evaluate the best weed control methods.
While small plot research is beneficial for testing big ideas many ways different
ways, there is a need for testing on larger scales. Testing flaming’s efficacy in a
production environment would clarify its benefits and limitations. The objective of this
study was to evaluate the efficacy and economic returns from flame weeding when superimposed on current weed control measures on organic farms in southeast South Dakota.
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Materials and Methods
Corn Flaming Study
A four row flamer unit developed by Knezevic et al. (2007) was used for these
experiments. This unit uses LP gas as the fuel source. The flamer unit is attached to the
tractor by the three-point hitch. This flamer unit covers 4 rows, up to forty inches in
width between the rows. The gauge wheels can be adjusted for torch height control. The
flame nozzle orientation can be changed from vertical to horizontal depending on the
management needed. When a broadcast application is necessary, the nozzles can be
moved to a horizontal position and moved so the heat is evenly distributed. When a
banded application is necessary, the nozzles can be moved to a vertical position near the
crop row. Shields are located above the torches and help regulate heat so the unit is more
energy efficient. The flamer unit has an electric ignition switch for safety measures.
There is one sensor for every two torches. If one torch goes out or is not burning hot
enough, the sensor will shut down both torches. The pressure gauge is mounted on top of
the tank. One can use the pressure gauge and change the tractor speed to set the
application rate. Knezevic et al. (2012) describe operational settings in their published
manual.
Trials with organic corn were conducted on three organic farms in 2013 and at the
Southeast Research Farm in 2014. The following treatments were evaluated: flaming at
emergence at 12 gallons per acre, flaming at the five to six leaf stage at 6 gallons per
acre, flaming at emergence at 12 gallons per acre and flaming at the five to six leaf stage
(full flame), and a non-flame check (farmer’s current weed management practices).
Visual ratings of weed control were taken two weeks after treatments were completed.
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Weed biomass was measured by using a hand sickle and taking all the weeds within the
crop row (6 inches on either side of the row) for a length of six feet at two points in each
plot. Weed biomass samples were gathered when the corn was at the tassel stage.
Samples were dried at 150°F and weighed.
There were three locations for the corn experiment in 2013. The cooperators
were: Alan Ward, Larry Nilson and Dan Gillespie. The Southeast Research Farm located
near Beresford, South Dakota was the only location in 2014. The corn trial was
organized as a randomized complete block design with four replications of four
treatments. The plot length varied on each farm but ranged from 200-1,000 feet in length
with the farmer cooperators. The plots at the Southeast Research farm were 60 feet in
length. The plot widths were four rows. For the trials, the treatments were superimposed
over the producer’s weed management practices. The farmer’s weed control program
was employed in all parts of the field and flaming treatments were applied on top of that.
There was no un-weeded control due to farmer’s concerns about the long-term effects in
the weed seed bank.
The corn experiment for 2014 refined portions of the study from 2013 that did not
go well. Flaming treatments were done with more emphasis on weed size and species. In
addition, propane rates were increased from twelve to fifteen gallons per acre for
broadcast flaming and from six to eight gallons per acre for banded flaming because of
the weed plant density. Record rainfall events were experienced in June 2014, which
prevented completion of on-farm portions of the study. The only location for 2014 was
the Southeast Research Farm.
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Table 1. Treatments used in organic corn during 2013 and 2014 for the flame weeding
study conducted in Southeastern South Dakota.
Treatment 1

Treatment 2

Treatment 3

Treatment 4

Farmer’s current
practices

Farmer’s current
practices
+
Broadcast Flame

Farmer’s current
practices
+
Banded Flame

Farmer’s current
practices
+
Broadcast Flame
+
Banded Flame

Site Descriptions
Corn trial locations:
Site 1 is located between Alcester, South Dakota and Hawarden, Iowa at 42° 9’ N
and 96° 6’ W. Most of the acres on site 1 are on sloping hills with farmable terraces.
The soils are Alcester silty clay loam and Crofton-Nora silty clay loam. The crop
rotation starts with a forage oat under-seeded with alfalfa. The alfalfa is left in place for
2 years and is harvested and fed to cattle. The alfalfa is then plowed under and seeded to
corn the following year. After corn, soybeans are planted. At this point, the rotation may
go back to corn or into the forage oats under-seeded with alfalfa. Feedlot manure from
cattle yards and composted chicken litter are used to fertilize the crop fields. Corn is
planted at 32,000 plants per acre on thirty inch rows. The main weed problems were
Canada thistle (Cirium arvense), redroot pigweed (Amaranthus retroflexus) and common
lambsquarters (Chenopodium album).
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Tillage practices included:


2 passes in the spring for seedbed preparation using a field cultivator



3 passes using a rotary hoe within 10 days of planting (Planted May 20)



The corn was then row cultivated once at V5



The corn was walked by migrant labor after data collection to control broadleaf
weeds.

Site 2 is located near Hudson, South Dakota at 43° 2’ N and 96° 6’ W. Site 2 is
mostly flat with some slightly sloping land that is still tillable. The soils are Alcester silty
clay loam and Moody silty clay loam. The crop rotation involves a barley crop that is
under-seeded with a red clover/yellow blossom sweet clover mix. The barley is
harvested for grain and the clover mix grows. The clover is clipped once in the fall with
a disk mower. In the spring, a moldboard plow is used to till the clover mix under when
it reaches twelve to twenty-four inches in height, depending on available moisture for the
succeeding crop. Corn is planted after two tillage passes. Some alfalfa is grown on
limited acreage to provide a longer rotation. Composted chicken litter is used for
fertilizer and corn is planted on thirty-six inch rows. The main weed problem was
velvetleaf.
Tillage practices included:


Spring moldboard plow of clover cover crop followed by 2 passes with a disk



1 pass using a rotary hoe within 4 days of planting (May 15)



The corn was then row cultivated once at V2 and at V5



No hand labor was hired to walk the corn
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Site 3 is located just south of Viborg, South Dakota at 43° 2’N and 97° 1’ W. Site
3 is flat with some slopes at 1-2%. The soils are predominately Egan-Trent silty clay
loam and Egan-Ethan complex. The crop rotation soybean, corn and oats. Cattle manure
and some chicken litter are used to fertilize crop fields. Fish fertilizer is sprayed onto the
corn and soybean crops. Corn is planted on thirty-eight inch rows using a 4 row air
seeder. The main weed problems at site 3 were cocklebur (Xanthum strumarium), yellow
foxtail (Setaria glauca) and redroot pigweed.
Tillage practices included:


1 pass with a disk in the fall



1 pass in the spring for seedbed preparation



Planting date was May 22



The corn was row cultivated at emergence, V2 and at V5
The Southeast Research Farm (SERF) is located southwest of Beresford, South

Dakota at 43° 04’N and 96° 56’ W. The land is flat. The soils at the study site are EganClarno-Tetonka complex and Egan-Clarno-Trent complex. The crop rotation includes
oats under-seeded with alfalfa. After two full years, the alfalfa is plowed under and
seeded to corn. After the corn, soybeans are put in. When the soybeans are harvested, a
winter cereal is planted. The Southeast Research Farm uses cattle feedlot manure and
composted chicken litter to fertilize the organic crop fields. The chicken litter is applied
to the growing crop and cultivated into the soil. Corn is planted on thirty inch rows. The
main weed problems at the Southeast Research Farm include field pennycress (Thlaspi
arvense), redroot pigweed, common lambsquarters and Canada thistle.
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Tillage practices included:


Chisel plow in the fall followed by 2 passes with a field cultivator in the spring



2 passes with a rotary hoe within 10 days after planting



The corn was then row cultivated at V3 and again at V6 before canopy closure

Soybean Flaming Study
A four row flamer unit developed by Knezevic et al. (2007) was used for these
experiments, the same unit described earlier for the corn trials. Trials with organic
soybean were conducted at two sites during the 2013 season (sites 1 and 3 of the corn
study). The following treatments were evaluated: broadcast flaming at emergence at 12
gallons per acre, banded flaming at the four to five trifoliate stage at 6 gallons per acre,
broadcast flaming at emergence at 12 gallons per acre and banded flaming at the five to
six leaf stage (full flame), and a non-flamed check (farmer’s current weed management
practices). Visual ratings of weed control were taken two weeks after treatments were
completed. Weed biomass was measured by using a hand sickle and taking all the weeds
within the crop row (6 inches on either side of the row) for a length of six feet at two
points in each plot. Weed biomass samples were gathered when the soybeans were at the
R2-R3. Samples were dried at 150°F and weighed.
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Figure 1. Flamer unit banded flaming soybeans.
Site Descriptions
Soybean trial locations
On- farm locations for the 2013 soybean trial were site 1 near Hawarden, Iowa
and site 3 near Viborg, South Dakota. The soybean trial was organized as a randomized
complete block design with four replications of four treatments at each site. The
individual farmer’s weed control program was employed in all parts of the field and
flaming treatments were applied on top of that. There was no soybean trial for 2014 due
to record rainfall in June 2014. There was no non-weeded control due to the farmer’s
concerns about the impacts on the weed seed bank.
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Table 2. Treatments used in organic soybean during 2013 for the flame weeding study
conducted in southeastern South Dakota.
Treatment 1

Treatment 2

Treatment 3

Treatment 4

Farmer’s current
practices

Farmer’s current
practices
+
Broadcast Flame

Farmer’s current
practices
+
Banded Flame

Farmer’s current
practices
+
Broadcast Flame
+
Banded Flame

As described earlier, site 1 is located between Alcester, South Dakota and
Hawarden, Iowa at 42° 9’ N and 96° 6’ W. Most of the acres are on sloping hills with
farmable terraces. The soils are Alcester silty clay loam and Crofton-Nora silty clay
loam. The crop rotation starts with a forage oat under-seeded with alfalfa. The alfalfa is
left in place for 2 years and is harvested and fed to cattle. The alfalfa is then plowed
under and seeded to corn the following year. After corn, soybeans are planted. At this
point in the rotation, site 1 may go back to corn or into the forage oats under-seeded with
alfalfa. Feedlot manure from cattle yards and composted chicken litter are used to
fertilize the fields. Soybeans are planted at 150,000 plants per acre on thirty inch rows.
The main weed problems on site 1 were Canada thistle, redroot pigweed and common
lambsquarters.
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Tillage practices included:


3 spring field passes with a field cultivator for seedbed preparation and to kill
weeds.



3 rotary hoe passes within 10 days of planting (June 7).



The soybeans were row cultivated 2 times during the growing season. They were
first row cultivated at V2 and the second pass was around R1.



They were walked by migrant labor after data collection to control broadleaf
weeds.
Site 3 is located just south of Viborg, South Dakota at 43° 2’N and 97° 1’ W. The

farm is flat with some slopes at 1-2%. The soils are predominately Egan-Trent silty clay
loam and Egan-Ethan complex. The crop rotation includes a soybean crop, then corn and
an oat crop after the corn. Cattle manure and some chicken litter are used to fertilize the
fields. Fish fertilizer is foliar fed onto the soybean crop. Soybeans are planted on thirtyeight inch rows using a 4 row air seeder. The main weed problem at site 3 was cocklebur
but yellow foxtail and redroot pigweed were present as well.
Tillage practices included:


1 spring pass with a field cultivator for seedbed preparation.



The soybeans were row cultivated 3 times during the growing season.



The soybeans were walked by migrant labor after data collection to kill broadleaf
weeds. A cost of $200 per acre was paid for migrant labor to provide broadleaf
weed control at this farm.
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Data Collection and Sampling
A summary of data collected for this study is given in Table 3.

Table 3. Corn and soybean treatment evaluations during 2013 and 2014 in the flame
weeding studies conducted at different locations in southeastern South Dakota.
Before Treatment
Measure:
•



Crop growth stage

After Treatment
Measure:
•

Visual assessment of
weeds

Measure:

Dry weight of weed
biomass
• 2 samples per
plot
•



Variables Measured

•

Yield

•

Weed biomass

•

Cost of flamer
operation

•

Estimation of
manual labor costs

6 ft of row per
sample

Visual assessment of
weed control before the
field was hand-weeded

In 2013 and 2014, weed biomass samples and total grain yield were collected.
Weed biomass samples were taken by harvesting two six foot sections within each plot at
corn tasseling and at R2-R3 for soybean. The samples were cut, bagged and dried at
150°F and dry weight determined. In 2013 and 2014, the center four rows of the six row
plots were harvested for grain yield components. After harvest, 100 seed weight and test
weight were measured in addition to grain yield and weed biomass in 2014. Test weight
was determined using a Stenlite SL-95 at the Southeast Research Farm in 2014. Seed
size was determined by counting 100 seeds from each plot’s grain sample and weighing.
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Statistical Analysis
All data was subjected to standard ANOVA using JMP 4.0 (SAS Institute; Cary,
NC) to test for significance in yield and weed biomass for the corn and soybean trials.
All data expressed as a percentage was transformed using an arcsine transformation. A
standard ANOVA test was performed on the transformed data using JMP 4.0 to test for
significance. If the F-test was significant, an LSD test was used to identify differences in
treatment data.
A weed severity index was calculated using the formula below. Each individual
plot was relative to the study as a whole. Once that was established, that number was
multiplied by the weeds not controlled (inverse of weeds controlled).

Individual plot weed biomass
Average of 3 highest weed biomass plots
across location and year

(1-% Visual control rating)
X
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Results
Weather and its Effects on this Study
Data on daily air temperature, monthly average maximum and minimum
temperatures, monthly precipitation, and growing degree days are shown in Figures 2
through Figure 15 for the 2013 and 2014 growing seasons at the Southeast Research
Farm near Beresford, South Dakota.
Major rainfall events occurred during May and June in 2013 and 2014. In 2013,
heavy rainfall events over Memorial Day weekend delayed planting for the on-farm
cooperator studies. In 2014, heavy rainfall in June made completing the on-farm research
impossible. In fact, June 2014 was the wettest month on record at the Southeast Research
Farm.
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Figure 2. Daily maximum and minimum air temperature in relation to frost temperature
for the 2013 growing season at the Southeast Research Farm located near Beresford,
South Dakota.

Degrees F

2013
100
90
80
70
60
50
40
30
20
10
0

61 yr avg

Jan

Feb Mar Apr May Jun Jul
Month

Aug Sep

Oct Nov Dec

Figure 3. Average maximum air temperature during 2013 at the Southeast Research Farm
located near Beresford, South Dakota.
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Figure 4. Average minimum air temperature for each month during the 2013 growing
season in relation to the 61-year average at the Southeast Research Farm located near
Beresford, South Dakota.
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Figure 5. Monthly precipitation during 2013 in relation to the 61-year average at the
Southeast Research Farm located near Beresford, South Dakota.
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Figure 6. Cumulative precipitation during 2013 in relation to the 61-year average at the
Southeast Research located near Beresford, South Dakota.
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Figure 7. Growing degree days during the 2013 growing season in relation to the 30-year
average at the Southeast Research Farm located near Beresford, South Dakota.
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Figure 8. Cumulative growing degree days during 2013 in relation to the 30-year average
at the Southeast Research Farm located near Beresford, South Dakota.
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Figure 9. Daily maximum and minimum air temperature data during 2014 in relation to
the frost temperature at the Southeast Farm located near Beresford, South Dakota.
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Figure 10. Average minimum air temperature during 2014 in relation to the 62-year
average at the Southeast Research Farm located near Beresford, South Dakota.
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Figure 11. Average maximum air temperature during 2014 in relation to the 62-year
average at the Southeast Research Farm located near Beresford, South Dakota.
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Figure 12. Monthly precipitation during 2014 in relation to the 62-year average at the
Southeast Research Farm located near Beresford, South Dakota. June 2014 was the
wettest month on record at the Southeast Research Farm.
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Figure 13. Cumulative precipitation during 2014 in relation to the 62-year average at the
Southeastern Research Farm located near Beresford, South Dakota.
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Figure 14. Average monthly growing degree days during the 2014 growing season in
relation to a 30+ year average at the Southeast Research Farm located near Beresford,
South Dakota.
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Figure 15. Shows the cumulative growing degree days during the 2014 growing season in
relation to the 30+ year average at the Southeast Research Farm located near Beresford,
South Dakota.
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Corn Flaming Study

In 2013, the on-farm corn trials showed no significant negative effect of flaming
on grain yield (Table 4). The trial in 2014 showed no significant effect of flaming
treatments on grain yield and data showed that 100 seed weight and test weight were not
statistically affected by flame treatments (Table 5).
Table 4. Corn yields across all flame weeding treatments in organic corn for each
location during the 2013 and 2014 growing seasons conducted in southeastern South
Dakota.

Site 1
Corn 2013
(bu/ac)

Site 2
Corn 2013
(bu/ac)

SERF
Corn 2014
(bu/ac)

Full Flame-VE & V5

168

110

122

Broadcast Flame-VE

171

116

126

Banded Flame-V5

184

123

123

Check

159

120

119

Mean

170

118

122

P-Value

0.33

0.37

0.56

9

48

3

NS

NS

NS

Treatment

CV %

LSD (0.05)
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Table 5. Weight per 100 seeds and test weight data for organic corn treatments during
2014 for a flame weeding trial conducted at the SDSU Southeast Research Farm.

2014
100 seed
weight
(g)

2014
Test Weight
(lbs)

Full Flame
-VE & V5

27.0

54.3

Broadcast
Flame-VE

27.0

54.3

Banded Flame
-V5

26.0

55.0

Check

27.0

54.3

Mean

26.8

54.3

CV %

3

1.3

P-Value

0.41

0.81

LSD (0.05)

NS

NS

Treatment
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At site 1, flaming treatments had no significant effect on weed biomass response.
At site 2, the broadcast and banded flaming treatments were significant at the 0.15 level.
At site 3, the data was not significant at the 0.15 level but the full flame treatment and the
banded flaming did provide some numerical differences over the un-flamed check. At
the Southeast Research Farm in 2014, all flame treatments had significantly less weed
biomass than the un-flamed check (Table 6).
Table 6. Weed biomass response to different flame treatments across all locations in a
study of organic corn during 2013 and 2014 conducted in southeastern South Dakota.
Treatment

Site 1
Corn 2013
(lbs/ac)
137

Site 2
Corn 2013
(lbs/ac)
77

Site 3
Corn 2013
(lbs/ac)
719

SERF
Corn 2014
(lbs/ac)
206

155

24

899

316

Banded
Flame-V5

83

35

422

113

Check

194

70

969

1321

Mean

142

52

752

489

CV %

81

76

56

115

P-Value

0.61

0.13

0.16

0.0001

LSD (0.15)

NS

24

NS

176

Full Flame
-VE &V5
Broadcast
Flame-VE

34

Table 7. Visual rating of control for each control for each treatment for corn plots in 2013
and 2014 during the flame weeding trials conducted in Southeastern South Dakota.

Site 1
Corn 2013
(% Control)
Full Flame
-VE & V5

Site 2
Site 3
Corn 2013
Corn 2013
(% Control) (% Control)

SERF
2014 Corn
(% Control)

89

89

26

80

Broadcast
Flame-VE

90

80

29

73

Banded
Flame-V5

91

80

39

80

Check

89

83

28

53

Mean

90

82

31

69

CV %

1.2

3.0

9.3

11

P Value

0.33

0.98

0.30

0.12

LSD (0.05)

NS

NS

NS

NS

Sites 1 and 2 had good visual control ratings. Site 3 had poor visual control
ratings and the Southeast Research Farm had moderate control ratings (Table 7).
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Table 8. Weed severity index calculated from using weed biomass observation
percentages and weed biomass samples gathered for corn during the 2013-2014 growing
season for flame weeding trials conducted in southeastern South Dakota.

Treatment

Site 1
Corn 2013

Site 2
Corn 2013

Site 3
Corn 2013

SERF
Corn 2014

Full Flame
-VE & V5

0.002

0.005

0.35

0.05

Broadcast
Flame-VE

0.009

0.003

0.63

0.06

Banded Flame
-V5

0.003

0.001

0.32

0.13

Check

0.01

0.008

0.59

0.43

Mean

0.007

0.0054

0.47

0.14

CV %

90

60

59

129

P Value

0.14

0.101

0.33

0.001

LSD (0.15)

0.004

0.003

NS

0.10
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Soybean Flaming Study
In 2013, flame weeding had no significant effect on soybean yields at site 1 or site
3 (Table 9). There were yield differences between the two locations. Site 1 had more
narrow rows, planted improved varieties, and invested in labor crews to walk through
every year. At site 1, more intense management created an environment where weed
pressure was less and grain yields were higher.
Table 9. Soybean yields for flame weeding treatments in soybeans for two on-farm trials
during 2013 conducted in southeastern South Dakota.

Treatment

Site 1
Soybean 2013
(bu/ac)

Site 3
Soybean 2013
(bu/ac)

Full Flame
-VE & V4

45.6

22.7

Broadcast
Flame-VE

49.4

23.5

Banded
Flame-V4

48.1

21.9

Check

55.7

26.3

Mean

49.7

23.6

CV %

16

20

P-Value

0.29

0.23

LSD (0.05)

NS

NS
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Table 10 details the weed biomass response to the flame weeding treatments in
2013. There was no significant effect on weed biomass from the flame treatments at site
1 or site 3.

Table 10. Weed biomass response measured at R2-R3 for the different flame treatment
tested in organic soybeans during 2013 conducted in southeastern South Dakota.

Treatment

Site 1
(lbs/ac)

Site 3
(lbs/ac)

Full Flame-VE & V4

4.8

150.5

Broadcast Flame-VE

19.5

210

30

150.5

Check

26.1

333

Mean

20.6

211

CV %

96

68

P-Value

0.64

0.63

LSD (0.05)

NS

NS

Banded Flame-V4
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Table 11. Visual rating of weed control for each treatment in soybean plots for a flame
weeding trial during the 2013 growing season conducted in southeastern South Dakota.

Site 1
Soybean 2013
(% Control)

Site 3
Soybean 2013
(% Control)

87

73

83

65

Banded
Flame-V4

83

68

Check

83

63

Mean

84

67

CV %

1.7

5.3

P Value

0.45

0.2

LSD (0.05)

NS

NS

Treatment
Full Flame
-VE & V4

Broadcast
Flame-VE

Site 1 had high visual control ratings, meaning the current operations were
adequate for weed control. Site 3 had moderate visual control ratings (Table 11).
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Table 12. Weed severity index calculated from using weed biomass observation
percentages and weed biomass samples gathered for soybean during the 2013 growing
season for flame weeding trials conducted in southeastern South Dakota

Treatment

Site 1
Soybean 2013

Site 3
Soybean 2013

Full Flame
-VE & V4

0.0009

0.11

Broadcast
Flame-VE

0.002

0.19

Banded Flame
-V4

0.001

0.12

Check

0.003

0.26

Mean

0.002

0.17

CV %

99

61

P Value

0.61

0.17

LSD (0.05)

NS

NS
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Economic Analysis
Corn and Soybean Flaming Studies
Established, well-running organic farms quoted $60 per acre minimum charge to
hire a crew for a final clean-up walk. That rate is increases in proportion to the level of
weed infestation in a given field. If a field is weedy, the total cost to walk a field can go
as high as $250-$300 per acre depending on weed density and weed species. For this
exercise, we are assuming that an organic farmer will hire a crew to walk their fields with
$60 per acre as a minimum charge and the total cost to walk the field going as high as
$250 depending on the severity of the weed infestation. The $60 charge is viewed as a
constant.
Once the weed severity index was calculated, that number was multiplied by $190
($250 maximum human labor cost-$60 constant to walk the field). The minimum cost of
$60 per acre was added to that number to achieve the total estimated cost for hand labor
to weed the fields.
Propane costs for 2013 and 2014 growing seasons were $1.25 per gallon. In
addition to that cost, there will be equipment depreciation and labor costs. Propane for a
broadcast application cost $15 per acre. For a banded application, propane cost $7.50 per
acre. For the full flame application, propane costs would be $22.50 per acre. Based on
the Iowa State University Custom Farm Rates Survey (Edwards, 2014), one row
cultivation pass was estimated at $16.45 per acre. This analysis was made assuming a
similar cost for running a flame weeder. Therefore, the total costs to operate the flamer
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unit for a broadcast application is $31.45 per acre. Total costs for a banded application is
$23.95 per acre. Total costs for the full flame operations are $57.40 per acre.

Table 13. Total estimated cost per acre to have hand labor walk fields at tassel based on
the weed severity index for the corn flame weeding trials during 2013 and 2014
conducted in southeastern South Dakota.

Treatment

Site 1

Site 2

Site 3

SERF
Cost of
Flaming
Operations

Corn
2013
($/ac)

Corn
2013
($/ac)

Corn
2013
($/ac)

Corn
2014
($/ac)

Full Flame
-VE & V5

60.56

60.23

105.42

68.31

57.40

Broadcast
Flame-VE

61.72

61.84

133.64

71.74

31.45

Banded
Flame-V5

61.03

62.78

87.63

62.74

23.95

Check

62.57

61.30

148.82

144.80

0

Mean

61.51

61.54

117.88

87.23

CV %

3

3

30

41

P Value

0.4

0.82

0.3

0.0013

LSD (0.05)

NS

NS

NS

309.6

($/ac)
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Analysis using the weed severity index formula shows that numerically it would
have been beneficial to flame at site 3 in 2013 using the banded technique and at the
Southeast Research Farm in 2014 using any of the techniques.

Table 14. Total estimated cost per acre to have hand labor walk fields at R3 based on the
weed severity index for the soybean flame weeding trial during 2013 conducted in
southeastern South Dakota.

Site 1

Site 3

Soybean
2013

Soybean
2013

Cost of
Flaming
Operations

($/ac)

($/ac)

($/ac)

Full Flame
-VE & V4

61.05

80.61

57.40

Broadcast
Flame-VE

62.69

96.64

31.45

Banded
Flame
-V4

65.58

79.24

23.95

Check

62.00

109.42

0

Mean

62.82

91.47

CV %

4.0

22

P Value

0.47

0.24

LSD (0.05)

NS

NS

Treatment
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Discussion
Corn and Soybean Flaming Studies
There was a high level of variability between sites in the 2013 data. The farmer
cooperators had different agronomic practices which impacted weed pressure, such as
crop rotation, fertility, row spacing, cultivation and seed selection. The cooperator at site
1 included alfalfa in the crop rotation to provide strong competition for annual weeds. In
addition to this, site 1 has more aggressive and timely tillage operations. When the crops
are small, a rotary hoe was used to kill small weeds. A row cultivator was used for weed
control when the crop has emerged. Because of the use of a rotary hoe, the number of
weeds that need to be controlled by the cultivator and ultimately, hand labor, was
decreased in some instances. Due to these integrated approaches for weed control, site 1
had only a small number of weeds in the field and thus, no significant effect on weed
biomass from flaming treatments. Overall weed pressure was very low using the current
weed control practices. Therefore, the flaming treatments provided no economic benefit
to the field operations at site 1 even though there was a trend for decreased weed severity
with flame weeding at this site. Weed biomass was not affected at this location during
2013 for corn. Grain yields for corn were not statistically different across treatments
during 2013 at this location.
The cooperator at site 2 uses many of the same techniques as the cooperator at site
1. Legume cover crops are incorporated after harvesting small grain crops. Site 2
incorporates a rotary hoe before crop emergence and then cultivates after emergence.
Weed biomass was statistically different for broadcast and banded applications; however,
weed biomass was low enough across all treatments that flame weeding provided no
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economic benefit during 2013 at this location based on the weed index model created for
this study.
The other extreme was at site 3. The cooperator at site 3 had high weed density in
the corn field, specifically cocklebur. This cooperator did not incorporate a legume into
the rotation. A rotary hoe or a tine harrow was not used to kill small weeds before the
crop emerged. Additionally, this cooperator did not regularly have labor walk through
the fields to help decrease the weed seed bank. Due to these facts, site 3 had high
densities of weeds in the crop fields which resulted in less effect from flaming as the
weeds shielded each other. Corn yields for site 3 were not gathered due to limitations in
harvesting, as the farmer harvested his crop in February and roads were not suitable for
trailing a wagon. Banded flaming had the greatest economic benefit at site 3 based on the
2013 data. When propane, labor and equipment depreciation were taken into account, the
data suggests that the banded flaming would have saved site 3 an estimated $33.22 per
acre in manual labor. Broadcast and the full flame treatment lowered the cost of labor to
walk the fields but when the cost of the operations was included but the analysis indicates
they would not have been economical.
The Southeast Research Farm trial in 2014 showed significant differences for
weed biomass. The weed pressure was moderate, so the heat from flaming was able to
penetrate all of the weeds and provide more consistent control. Additionally, the
Southeast Research Farm is using an integrated approach for weed management. The
Southeast Research Farm is within 3 years of organic certification and has not been
through several crop rotations yet. The amount of weeds present on the farm should
become more manageable with time and proper management. The weed species present
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at the Southeast Research Farm are not tolerant to heat, unlike the cocklebur at site 3.
The weeds most present on the Southeast Research Farm were redroot pigweed and
common lambsquarters. As discussed earlier, these weeds are susceptible to heat
treatment if applied at the correct growth stage and rate. The combination of these
factors resulted in all flaming treatments being successful. The full flame operation is
estimated to save the Southeast Research Farm $19.09 per acre in manual labor. The
broadcast application is estimated to save the Southeast Research Farm $41.61 per acre in
manual labor when compared to the non-flamed check. The banded application is
estimated to save the Southeast Research Farm $58.11 per acre in manual labor when
compared to the un-flamed check. This research shows the greatest economic benefit
was in a single broadcast application or a single banded application as part of an
integrated weed management program during 2014 at this location. If weather did not
permit tillage operations in a timely manner, it may be possible to substitute the flamer in
its place.
The soybean trial was located at site 1 and site 3 in 2013. The same management
scenarios went into the soybean crops as were previously noted for corn. Therefore, the
same selection pressures from crop rotation, tillage and overall management played an
important role in the density of weeds that were in the plots. Site 1 had minimal weed
pressure due to more intense management and always having people walk the crops to
decrease the long-term seed bank in the soil. He also used a rotary hoe multiple times
before the crop emerged and was effective at cultivating the crop multiple times. The site
1 cooperator had also planted in 30 inch rows so less of the soil was exposed and the crop
could compete better. Overall, the flaming trial at site 1 proved to have no economic
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benefit because the weeds were already controlled through the farmer’s standard
practices. This farmer had an effective integrated weed control program in place and did
not need a flaming treatment in 2013.
Site 3 had moderate to heavy weed pressure in the soybean plots. The soybeans
were not rotary hoed or otherwise blind cultivated to kill smaller weeds. The operations
at site 3 included effective control from cultivating but that farm had an invasive
cocklebur problem. The site 3 cooperator was still planting in 38 inch rows, which left a
lot of bare soil for weeds to compete with the crop. For site 3, the banded application
saved that cooperator $6.23 per acre, providing a small economic return. That said,
flaming treatments did not provide enough economic benefit to promote their use at this
site in 2013.
The farmer at site 1 currently pays $60 per acre to have people walk fields to pull
the remaining broadleaf weeds in clean fields, the estimated costs in Table 14 are in
agreement with this. The estimated costs to these farmers for walking fields was just
over $60 per acre. The farmers at site 1 and site 2 had good success in controlling weeds
in 2013 and the weed biomass was numerically low at these sites. Hence, the use of
flame weeding at the more intensely managed sites was not economical in 2013 in this
study.
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The key takeaways to these field trials are:
•

Flame weeding can be a useful tool when combined with other forms of
weed control;

•

It should be used as part of an integrated approach to weed managementit is not a “cure-all.”

•

The weeds should be small when flaming is used and it may be useful to
research increasing the propane rate at higher weed density and for larger
weeds.

This study observed that if the weed pressure is moderate and the weed species
are susceptible to flaming, timely treatments can lower the weed pressure and offer net
economic returns. At sites with little weed pressure, it may not be economical to
implement flame weeding treatments because other measures have already provided
weed control. At sites with heavy weed pressure, the flaming treatments may not be
effective enough on its own to control the weeds. This study indicates that flame
weeding can be an effective tool for weed management within an integrated approach,
but it is not a silver bullet. Proper scouting methods, timely application and accurate
dosage rates are important for success and will help secure economic returns on organic
farms.
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Dry Bean Crop Tolerance

52

Literature Review
Dry bean crops are primarily grown for human food consumption (USDA ERS,
2016). The U.S. Dry Bean Council (2016) states that the top producers of dry beans in
the United States are North Dakota, Michigan, Nebraska, Minnesota and Idaho. The
most common dry bean beans are Pinto beans and Navy beans. According to Raatz
(2016), the average American consumes 6.5 pounds of dry beans per year. Raatz (2016)
states that dry beans are nutritionally rich and provide much needed fiber. This
information is important as more people are searching foods, especially food produced
under organic standards.
In the United States, the area under certified organic cropland grew to over one
million hectares in 2008, making the organic sector one of the fastest growing sectors of
agriculture for over a decade (USDA, 2009). Although the organic sector remains a
small part of the total economy, this growth and continued strong market demand suggest
organic agriculture will play a more important role in the future. Organic producers cite
weed management as their most limiting factor to higher yields (Wszelaki et al., 2007).
This problem, along with efficiency of current weed control problems has led to renewed
interest in flame weeding. Knezevic and Ulloa (2007) stated that propane flaming could
be one alternative tool in the toolbox of an integrated weed management system because
of its success in killing weeds. Other operations in the toolbox of weed control for
organic producers include tillage, manpower, and well-designed crop rotations.
Weeds are a limiting factor in maximization of yields in row-cropping systems.
The problem of controlling weeds without synthetic herbicides under the rules of organic
agriculture is one of the biggest challenges that organic producers face (Kruidhof et al.,
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2008). Organic producers can use cultivation techniques for their weed control as well as
manual labor as a final management operation where labor is available. There are no
tillage operations that target in-row weed populations other than blind tillage operations
such as the rotary hoe and the tine harrow, which only work on small weeds and disturb
the soil, potentially bringing new weed seeds to the soil surface. This paper will keep its
focus to tillage operations; two tillage implements used in organic systems for weed
management are the rotary hoe and the tine harrow.
The rotary hoe is an implement that can be used for two purposes (Grubinger,
2001). One use is for breaking up a soil crust. The soil can form a crust when clay
particles are dispersed from the soil solution and come to rest on the top of the soil
surface. The soil crust can form a physically restrictive layer that prevents crop
emergence. The second use for the rotary hoe is weed control. The rotary hoe is best
used for control of small weeds. The rotary hoe is classified as a blind tillage implement.
Blind tillage means that there is complete disturbance of the soil, which can damage the
plants growing in the row, resulting in loss of crop stand or yield reduction.
Place (2008) demonstrated that multiple rotary hoe cultivations during a growing
season decreased soybean plant populations, decreased soybean canopy height, lowered
soybean pod position, and decreased soybean yield. Because of this, they recommend
limiting rotary hoeing in soybean fields. However, the on-farm cooperator with the best
weed control used a rotary hoe on his soybeans. His thinking was that weeds are still
cheaper to control when they are young. He also planted his fields with a slightly higher
plant population.
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Another tillage implement that is used in organic row crop systems is the tine
harrow. Similar to the rotary hoe, the tine harrow is a blind tillage implement, disrupting
the entire soil surface area. The tine harrow is most successful when used while weed
species are small.

Contrary to the rotary hoe, the tine harrow does not require high

speeds for successful weed control. Wicks and Anderson (1969) showed that the tine
harrow controlled grass species better than the rotary hoe, while the rotary hoe was more
effective at killing broadleaf weed species. Organic systems utilizing cultivation for
weed management often require multiple passes over the field for control; while these
methods are used successfully, repeated cultivation can accelerate loss of soil organic
matter, destroys soil aggregates, increases the chance for soil erosion and promotes
emergence of new weed flushes (Wszelaki et al., 2007).
Flame weeding has received renewed interest for its potential as a means of weed
control in organic cropping systems (Bond and Grundy, 2001). Past research by Ascard
(1995) and Wszelaki et al. (2007) has shown that flaming can be used with success in
organic vegetable operations. For this paper, however, we will examine flame weeding
and its potential use in organic corn and soybean production. Most flame weeders are
built with a simple design. There are two types of flame weeders available. One is a
broadcast type, which sends heat across the entire row spacing. This may be
advantageous to use because it is non-selective and could minimize the number of trips
across the field through less cultivation. The other type, an intra-row flamer, can be used
for direct placement of heat within the row itself. This would allow for less propane to be
used across the field and would allow for a cultivation to occur for inter-row weed
control. However, as previously mentioned, excessive cultivation can have negative
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effects on the soil and can allow for further germination of weed seeds that were brought
to the soil surface. Both types can be built simply using metal tubing, purchasing burners
fairly cheap and using a propane tank. Regulators and pressure gauges allow for proper
application rates (Knezevic et al., 2007).
The idea behind using a flame weeder is not to burn the plant tissue, but to heat
plant tissues sufficiently to permanently disrupt cell metabolism (Leroux et al., 2001).
Lague et al. (2000) described the process of heating and the transferring of heat to plant
tissues, increasing the thermal energy of the plant tissue. Heating the tissues to these
extremes results in the loss of cell function once the proteins within the cell are fully
denatured (Pelletier et al., 1995); as a result of the cell membrane disruption, the plants
either die or lose their competitive ability (Rifai et al, 1996). The effectiveness of flame
weeding relies on several factors, including the temperature of application, exposure time
of the plant to the heat and the energy input (Ascard 1995b).
Research results have shown that broadleaf weeds are more susceptible to
flaming than grass species (Ascard, 1995a, Ascard, 1995b, Cisneros and Zandstra, 2008).
Plants that compete readily with field crops in the Upper Midwest include both grass and
broadleaf species; grass species such as barnyardgrass and foxtail needed a higher
application rate than velvetleaf and redroot pigweed to obtain 90% control (Knezevic and
Ulloa 2007). Research has been done that demonstrates an application rate of 50-60
kg/ha has 90% control of broadleaf weeds such as redroot pigweed, velvetleaf, common
waterhemp and kochia. Research has also been done that shows the same application rate
provides 80% control of grass species such as barnyardgrass as well as green and yellow
foxtail (Ulloa et al. 2010 b, c).
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Plants are susceptible to flame weeding based on the position of their growing
point. Broadleaf weeds are more susceptible to flaming because the position of the
growing point during application is above the soil, while the location of the growing
point for grass species was below the soil, buffering the plants from heat. The plants
most susceptible to flame treatments were those that were tall, with the growing point
located in the shoot apex (Ascard 1995b, Knezevic and Ulloa, 2007). Cisneros and
Zandstra (2008) showed positive results for all broadleaf weeds tested at two different
growth stages, the 0-2 leaf and 2-4 leaf stages. Flame weeding resulted in a higher
density of grass species after treatment than before the flame treatment. The heat
treatment from the flamer may break seed dormancy near the surface and allow for more
seeds to germinate. Observations have been made that large weeds are more difficult to
kill because of a more developed root system, more leaf tissue inhibited heat penetration
and the probability that new growth would emerge from the axillary buds (Ascard,
1995b, Cisneros and Zandstra, 2008, Knezevic and Ulloa, 2007). Other technologies that
have higher success at killing grass weed species such as the tine harrow may be utilized
in conjunction with flame weeding to achieve a clean field during the growing season for
corn and soybean.
Soybean are less tolerant to broadcast flaming because its growing point is above
the soil surface. In their initial research, Knezevic and Ulloa (2007) showed that soybean
does not have the same tolerance, when compared to field corn. When an application rate
of 68 kg/ha was applied to soybean at VC and VE, no soybean plants survived.
However, results from that study gave hope that soybean may hold potential for broadcast
flaming while at an early stage (VC) because it recovered when the dose was decreased.
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In an earlier study conducted by Knake et al. (1965), it was shown that soybeans
recovered better with less damage to yield when flamed at a younger age, rather than
waiting until the plants were larger. That same study also showed that soybeans were
better at competing with grass species when they were larger. This indicates the
importance of good weed control when the soybeans are small.
Ulloa et al. (2010d) conducted research that backed up these earlier claims. Their
research consisted of flaming soybeans at different growth stages to test tolerances.
Results from that research concluded that soybean plants were most susceptible at
unifoliate (VU) stage of growth. Soybean plants at the cotyledon (VC) stage of growth
were most tolerant, followed by soybean plants that had five trifoliate leaves (V5). When
flamed at 60 kg/ha: soybean at VC showed a yield reduction of 6%, soybean at VU
showed a yield reduction of 37%, soybean at V2 showed a yield reduction of 30% and
soybean at V5 showed a yield reduction of 10%. Observations from this research
indicated that the cotyledons protected the growing point of the soybean from the heat.
When flamed at VU, the growing point was fully exposed and some plants were
incapable of further growth due to the amount of damage from the heat. Ulloa et al.
(2010d) showed in that same study that yield components were affected due to flaming
treatment. When compared to the check, the number of plants per square meter was the
most affected. When flamed at 85 kg/ha, VC had 9.5 less plants per square meter, VU
had 16.6 less plants per square meter, V2 had12 less plants per square meter and V5 had
5.9 less plants per square meter.

In this case, after the plots were flame treated the

number of branches per plant increased and the number of pods per plant increased as
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well. This may be one reason why the VC growth stage was able to have the highest
yield with the highest propane application rate.
Soybeans are more susceptible to flame treatments because of the location of the
growing point. Flame weeding at VC shows the greatest promise. Weed control in
soybean fields is more difficult due to the physiology of plant emergence relative to blind
tillage implements and the sensitivity of the plant to heat from flame application. In
addition, row cultivation for soybeans must move less soil to within the row compared to
corn plants in order to maintain yield.
Dry beans parallel soybeans in relation to the position of the growing point. The
position of the growing point is exposed. Dry beans and soybeans have similar weed
control strategies. Producers could benefit from being able to use the flame weeder as a
tool to maximize seed grain production.

Due to this, we intend to experiment with navy

beans to determine if they can be flamed for better weed control and maintain production.
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Justification for Dry Bean Trial
Dry beans are grown across the world and are an important food crop. Organic
methods of weed control are important to continue to supply certified organic dry beans
for food consumption. Flaming crop tolerance has been completed on staple crops such
as field corn, sweet corn, sorghum, soybeans and winter wheat. Therefore, it remains
important to continue studying organic weed control methods for other food crops.
Currently, organic dry bean producers use a variety of weed control methods.
Most, if not all of these methods involve tillage. Furthermore, these technologies are not
guaranteed success and oftentimes, hand weeding becomes necessary. Finding new tools
for weed control is important due to the high cost of hand labor.
In addition to the short term costs of weed control, there are long term costs and
consequences to multiple tillage passes each year. Flame weeding is one tool that
involves no physical displacement of soil to achieve adequate weed management. As
discussed in the literature review, when flame weeding is combined with tillage, weed
control can be comparable with herbicide systems. It is important then, to determine if
and when flame weeding can be performed on Phaseolis vulgaris crops without
damaging crop yield and components. The objective of this study was to determine
susceptibility of the crop to damage from flame weeding at different stages in order to
identify those points where it might be used with minimal crop yield loss.
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Materials and Methods
The Dry Bean Crop Tolerance trial was arranged as a randomized complete block
design. The Southeast Research Farm is located southwest of Beresford, South Dakota at
43° 04’ N and 96° 56’ W. The land is flat. The soils at the study site are Egan-ClarnoTetonka complex and Egan-Clarno-Trent complex. The crop rotation includes alfalfa,
corn, soybeans, winter wheat or winter rye and oats. This study was planted into corn
stubble in 2013 and 2014. A four row flamer unit developed by Knezevic et al (2007)
was used for these experiments. Navy Bean seed was planted using a John Deere 7100
six row planter. A four row flamer unit was used. This unit uses LP gas as the fuel
source. The torch nozzles were oriented horizontally to spread the heat evenly.
In 2013, there were three replications of five treatments. In 2014, there were four
replications of five treatments. Both years were located at the Southeast Research Farm
in Beresford, South Dakota and planted at 135,000 plants per acre. The dry beans were
planted on June 17, 2013 and May 25, 2014. The four center rows of each six row plot
were flamed for trial purposes. All plots were broadcast flamed at 12 gallons per acre.
The two middle rows were used for yield and yield component data. In 2013, plots were
flamed at emergence, unifoliate and two trifoliate stage. In 2014, plots were flamed at
emergence, unifoliate, and the fifth trifoliate stage. There was an un-flamed check in
2013 and 2014. Each year, the flamer was broken down during the trial and only four
treatments were able to be tested. Plots were row cultivated one time each year and hand
weeded to make them weed free. The plot area is certified organic. Dry bean
components were measured by harvesting three feet of row per plot. Plants were dried at
150°F. Once dried down, the plants were arranged from smallest to largest. The median
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three plants of each plot sample were then broken down to measure yield components.
Yield components measured were: number of pods, seeds per pod, seed weight and total
sample biomass. Grain samples were air dried at the SDSU campus and weighed.
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Results
In 2013, the yield and yield component data was not significant. Table 1 details
the 2013 data.

Table 1. Yield and yield component data for dry bean crop tolerance study during 2013
that was conducted in southeastern South Dakota.

Growth

Yield

Pods
Per
plant

Broken

Seeds

Whole
Sample

100
Seed

Weight

Weight

Stage

(bu/ac)

Plants
Per
acre

Check

21.2

48,300

20

1.1

4.5

209

67.6

2 Leaf

17.8

43,500

21

1.5

4.4

228

60.2

Cotyledon

17.7

34,800

23

0.9

5.5

201

51.1

Unifoliate

9.9

38,700

13

0.1

3.9

137

54.4

Mean

16.6

41,200

19

0.85

4.6

0.29

58.2

CV %

48

34

38

113

26

30

19

P Value

0.18

0.76

0.1035

0.5

0.49

0.29

0.32

LSD (0.05)

NS

NS

NS

NS

NS

NS

NS

Pods/plant Per pod
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Table 2. Yield and yield component data for dry bean crop tolerance study during 2014
that was conducted in southeastern South Dakota.

Growth
Stage

Pods/Plant Seeds/Pod

Whole
Sample
Weight

100 Seed
Wt

Yield
(bu/ac)

Plants
per acre

Check

7.5

23,200

30

4.6

254

68.3

5 Leaf

4.7

26,100

18.8

4.1

252

63.2

Cotyledon

7.2

30,400

26

3.6

237

79.1

Unifoliate

4.7

29,000

25

3.3

247

74.8

Mean

6.0

27,175

24.95

3.9

237

69.6

CV %

67

32

27

24

21

25

P Value

0.72

0.79

0.06

0.44

0.5

0.6

LSD (0.10)

NS

NS

5.63

NS

NS

NS
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Discussion
The only statistical different yield component was the number of pods per plant
being negatively affected by flaming at the five leaf stage. Flaming at this stage may
have set the plant back in maturity and given it less time to develop the number of pods
necessary for high grain yields. The grain yield was low for all flaming treatments based
on historical averages. The plant population was very low, mostly explaining why grain
yield was low for all treatment means. Based on the research results from these 2 years,
more research should be done to establish good plant populations for more reliable yield
data.
The data in 2013 was more reliable than 2014. The numbers from 2013 suggest a
trend that flaming at the unifoliate stage does the most damage to the dry bean plants.
The plots in 2014 were not weed free and thus, the data is not reliable. More research
would be necessary to provide more complete results.
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